Objective: To investigate the effect of a breakfast meal on bioelectrical impedance (BI). Design: Three separate interventions. Setting: A university based study. Subjects: Young, healthy volunteers recruited from staff. Twenty-nine subjects (11 men, 18 women), ten subjects (two men and eight women) and 13 subjects (2 men and 11 women) completed the ®rst, second and third protocol, respectively. Interventions: Total body BI (protocol 1) or both total body BI and segmental BI (namely arm, leg or torso BI); (protocol 3) was measured in the fasting state and for up to 5 h after the consumption of a breakfast meal containing 28% energy from fat. In the second protocol, total body BI was measured in the same way on two occasions after subjects consumed isocaloric meals containing either 28% energy or 4% energy from fat. Results: Consumption of a 2300 kJ meal was followed by a signi®cant (P 0.0002) decrease in BI (95% con®dence intervals 12.5 and 35.3), a change which occurred 2 h after the meal and continued until 5 h, irrespective of meal fat content. The fall in total body BI was accounted for primarily by a fall in the BI of the limbs, with virtually no contribution from the torso. Conclusion: To ensure consistency in the interpretation of BI for body composition analysis, it is important that measurements are made in the fasting state. Sponsorship: MRG received a Deakin University Postgraduate Award.
Introduction
There is widespread interest in the use of bioelectrical impedance (BI) as a method of assessing nutritional status due to its potential as a simple, rapid, reproducible and non-invasive technique. However, there is also concern regarding some variables that may affect its measurement and therefore limit the conditions under which it can be used to provide reliable information on body composition, particularly on an individual basis (Heitmann, 1994) . As the method is based on the conductance of an electric current through body¯uids (Lukaski et al, 1985) , conditions that alter the type and amount of electrolytes in body water and its distribution between the intracellular and extracellular space, are likely to affect measurement of BI (Deurenberg et al, 1989) . Deurenberg et al, (1988) for example, have shown that exhaustive exercise, ingestion of food, and phase of the menstrual cycle affect BI readings. Manufacturer's instructions for measurement of BI generally recommend that subjects are measured 3±4 h postprandially, although measurement 2 h after a meal has also been recommended (Gibson, 1990) . Deurenberg et al (1988) however, have reported that a signi®cant decrease in BI of 13±17 O occurs during the 4 h following a liquid meal. This is of importance if measurements made in the non-fasting state are used to assess body composition since the relevant prediction equations are usually derived in fasting subjects (Lukaski et al, 1986; Kushner & Schoeller, 1986; Segal et al, 1988; Khaled et al, 1988) .
Because meals vary in composition and since it is also possible that the effects of an actual meal (namely of foods) on BI differ from that of a liquid meal, the aim of this study was to assess the effect of isocaloric normal and low fat breakfast meals. The effect of these meals on the BI of body segments was also assessed.
Methods

Subjects
Subjects were recruited from the staff of Deakin University. The study protocol was approved by the Human Experimentation Ethics Committee of Deakin University and all subjects gave informed consent. Twenty-nine subjects (11 males, 18 females, age 28 AE 2.6 y, body mass index (BMI) 23.0 AE 4.6 kgam 2 ) completed the protocol for the ®rst breakfast meal (Group A). A smaller group of ten subjects (2 males and 8 females, mean age 26 AE 6.0 y, mean BMI 22.7 AE 3.8 kgam 2 ) also completed the protocol for a second breakfast meal (Group B). Segmental BI was measured on a third group of 13 subjects selected from group A (2 males and 11 females, age 29 AE 6.4 y, mean BMI 21.9 AE 4.5 kgam 2 ) (Group C).
Meals
Two breakfast meals were tested. Meal 1 comprised 250 mL orange juice, 45 g Corn¯akes (Kelloggs
1
) with 200 mL full-cream milk, 50 g wholemeal bread spread with 10 g margarine (Canola energy derived from carbohydrate, 11% from protein and 28% from fat. Meal 2 was isocaloric with Meal 1 but was low in total fat. It consisted of 250 mL orange juice, 45 g Corn¯akes with 200 mL skim milk, 250 g wholemeal bread spread with 20 g jam, 30 g banana and 250 mL black coffee. This meal provided 83% of energy from carbohydrate, 13% from protein and 4% energy from fat.
Measurements
Baseline BI values were obtained after a 12 h overnight fast. Within 20 min after this measurement was taken, a breakfast meal as outlined above, was taken. Further BI measurements were taken at 30 min, then at hourly intervals up to 5 h after the fasting measurement. During the measurement period subjects returned to their usual, mainly sedentary work activities, but were instructed not to consume any food or¯uid.
Resistance and reactance components of total body BI were measured with a Model 101 analyser (RJL-Systems, Detroit, USA) as described by Lukaski et al (1985) with subjects lying in a supine position. Measurements were taken after voiding and the baseline measurement was obtained in the fasting state. Electrode cream (EKG SOL, Meditrace, Graphic Controls Corp., Buffalo, New York, USA) was applied to electrode tape (M6001, Contract Products Inc., Dallas, Texas, USA) before placement at input electrode sites on the posterior surface of the hand at the distal metacarpals and on the posterior surface of the foot at the distal metatarsals, and at detector electrode sites on the posterior surface of the wrist (between the ulnar and radial styloid processes) and on the anterior surface of the ankle (between medial and lateral malleoli). Electrodes were attached to the tapes with alligator clips and an excitation current of 800 m A and 50 kHz was introduced at input electrodes.
Segmental impedance of the arm, leg and torso was also measured in 13 subjects (Group C). Measurement of BI in the arm (wrist to acromion process of the shoulder) was undertaken as described by Chumlea et al (1988 Chumlea et al ( , 1989 . Brie¯y, input electrodes were placed on the posterior surface of the hand at the distal metacarpals and on the arm at the level of the acromioclavicular joint. Detector electrodes were placed on the posterior surface of the wrist (between the ulnar and radial styloid processes) and on the arm (at the inferior border of the acromion process of the scapular). Measurement of BI in the leg (greater trochanter to lateral malleolus) also followed methods described by Chumlea et al (1988) . Input electrodes were placed on the posterior surface of the foot at the distal metatarsals and at a site 2±3 cm superior to the greater trochanter of the femur. Detector electrodes were placed on the anterior surface of the ankle (between the medial and lateral malleoli) and at the level of the greater trochanter of the femur. Measurement of BI of the torso (acromion process to greater trochanter of the femur) was carried out by placing input electrodes on the arm (at the level of the acromioclavicular joint) and at a site 3±4 cm inferior to the greater trochanter of the femur. Detector electrodes were then positioned at the inferior border of the acromion process of the scapular and at the level of the greater trochanter of the femur.
Height was measured to the nearest 0.1 cm using a stadiometer (Holtain Ltd., Crymych, Dyfed, Great Britain). Weight was measured to the nearest 0.1 kg on a Soehnle digital readout scale with a capacity of 130 kg. BMI was calculated as weight (kg)a height 2 (m).
Statistical analyses
A one-tailed paired Student's t-test was used to assess the statistical signi®cance of differences in BI from fasting values. Analysis of variance (ANOVA) was used to assess the statistical signi®cance of differences between meal types at various times after the meals. All results are expressed as mean AE standard deviation. Data were analysed using the computer program Statview TM (Brainpower Corp, California, USA) for Apple Macintosh TM .
Results
Response to a meal containing 28% energy from fat
The change in BI experienced by subjects during a 5 h period following consumption of Meal 1 containing 28% energy from fat is shown in Figure 1 . Fasting BI was 542 AE 67 O. After 2 h, a signi®cant decrease in this level was seen (P`0.001) and this decline continued until 4 h when it reached 495 AE 16 O, a level 8% below the fasting value. At 5 h post-prandially, BI had begun to return towards fasting levels, although the difference remained signi®cant (P`0.001).
Comparison of response to a meal containing 28% energy from fat with response to a meal containing 4% energy from fat A group of ten subjects (Group B) consumed two isocaloric meals containing either 28% or 4% energy from fat, on two occasions. The electrolyte content of the two meals was calculated from Australian Food Tables. The meals were found to have the same sodium content (822 mg) but the high fat meal had a slightly lower content of both calcium and potassium (325 vs 355 mg calcium and 938 vs 1103 mg potassium respectively). Mean fasting BI in Group B was 557 AE 56 O. Initial and post-prandial change in BI are seen in Figure 2 . After each meal a signi®cant decrease in BI was seen which again reached minimum values four hours post-prandially (512 AE 12 and 528 AE 14 O, low and high fat meal respectively). Analysis by ANOVA showed no difference in BI with the fat content of the meal. 
Impact of meals on bioelectrical impedance measurement MR Gallagher et al
Segmental impedance after a meal containing 28% energy from fat Segmental BI was measured in 13 subjects (Group C) before and after consumption of a breakfast meal containing 28% energy from fat. Fasting whole body BI in this group of subjects was 556 AE 55 O whereas segmental BI in the arms was 282 AE 12 O, segmental BI in the legs was 246 AE 5 O and segmental BI in the torso was only 91 AE 3 O. As seen previously, total body BI declined after the breakfast meal, reaching its lowest value of 496 AE 21 O, three hours post-prandially. Relative changes in segmental BI after the breakfast meal are shown in Figure 3 . These data show that decrease in segmental BI occurred largely in the limbs with leg BI falling by 8.9% (P`0.001) and arm BI by 6% at 3 h (P`0.001). In contrast, in the same time period, torso BI fell by only 2.2% (P 0.3) but had risen to above baseline values by four hours.
Discussion
The major ®nding of this study was that 2 h after the consumption of either a normal or low fat breakfast meal, BI was signi®cantly lower than the fasting value. BI continued to fall until 4 h postprandially when BI was on average 45 O or 8% below the fasting value (Figure 1 ). This fall in total BI appeared to be largely due to decreased BI in the arms and legs with little contribution from the torso. The reduction in BI following a meal was reproducible and was not in¯uenced by the fat content of the meal. Deurenberg et al (1988) have reported that consumption of a liquid meal is associated with a fall in BI. In this study it was shown that consumption of a solid meal will also have a similar effect. BI was found to be signi®cantly lower between two and 5 h after a meal than directly after an overnight fast. The liquid meal used in the study by Deurenberg et al (1988) had an energy content 350 kJ less than the meals used in the present study, but otherwise the contribution of carbohydrate, fat and protein to total energy was very similar.
Estimation of body composition by BI depends on equations which have generally been derived in the fasting state (Lukaski et al, 1985; Kushner & Schoeller, 1986 ). Yet the present study indicates that measurement of BI 3±5 h post-prandially (a procedure recommended by the manufacturer of the BI monitor) could lead to a signi®cant underestimate of body fat mass. In this study the average underestimation of body fat mass relative to the fasting level (based on the equation developed by Kushner & Schoeller (1986) ) was 5 AE 4.9% (P`0.0005) with a range from 0.5±17.3%.
The segmental data (Figure 3 ) which show that the limbs contribute most to the total body BI con®rm earlier ®ndings (Fuller & Elia, 1989) . The BI response to the meal also appeared to be re¯ected primarily in the limbs with little change in impedance of the torso. As the torso contributes only a small part of the overall impedance, however, change in this segment may be harder to detect.
The fall in impedance after the meals which was observed in the present study does not appear to be explained by the redirection of blood¯ow from the limbs to the torso after food ingestion (Dauzat et al, 1994) , since there was a decline in BI in the limbs rather than an increase. Thus the changes in BI observed are probably related to changes in the¯uid and electrolyte distribution which accompany the absorption and digestion of a meal. The observed results are consistent with an increase in the ratio of extra-aintra-cellular water following the ingestion of the meal and its associated electrolyte load (Deurenberg et al, 1988 (Deurenberg et al, , 1989 .
Conclusions
Bioelectrical impedance appears to have good potential for widespread use because it requires less time and skill than anthropometric assessments of body composition. However these ®ndings indicate that to obtain reliable estimates of body composition from BI measurements, it is important that BI is measured under standardised conditions in the fasting state. Figure 2 Total body BI before and after the ingestion of either a low fat (4% energy from fat) (± ± ±) or high fat (28% energy from fat) (Ð) breakfast meal. Data given are the mean AE s.e.m, n 10. Figure 3 Percentage post-prandial change in segmental BI after consumption of a breakfast meal containing 28% energy from fat. Data given are for 13 subjects (Group C). jÐj segmental BI of the arm, sÐs segmental BI of the leg, mÐm segmental BI of the torso. Bars indicate the s.e.m.
